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(57) Abstract: A clock distribution circuit is disclosed for a battery-powered device such as a mobile telephone or a PDA. The clock 
distribution circuit comprises an oscillator (1 1), a load (12), and a buffer amplifier (13) between the oscillator and the load. The load 
(12) includes a resistance and a capacauve reactance. An inductor (14) is positioned between the buffer amplifier (13) and the load . 
(12), the inductor being rated so as to resonate with the. capacative reactance of the load. 
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Clock Distribution Circuit 

This invention relates to a clock distribution circuit, and in particular to a clock 
distribution circuit for use with a battery-powered device such as a mobile telephone 
5 handset or a personal digital assistant (PDA). 

The various operations of a device such as a mobile telephone handset are controlled 
using a reference clock that generates periodic signals that are used to synchronise these 
operations. A typical mobile telephone handset will contain a clock circuit of the type 

10 shown in Figure 1, in which a temperature compensated crystal oscillator (TCXO) 1 
provides a reference clock. The reference clock 1 is routed to a number of different 
circuits, indicated generally by the reference numeral 2 within the handset, these 
circuits typically including RF frequency synthesisers and a baseband digital processor. 
The sum of the loads presented by these circuits can be considered as capacitances 2a in 

15 parallel with a resistance 2b as indicated schematically in Figure 1. The resistance 2b 
is typically high (in the range of from 1 kOhm to 1 0 kOhm, and very little current is 
required to develop a voltage across it. However, the capacitance 2a appears as a load 
reactance of - - 352 jOhm. The capacitance associated with the inputs to the different 
integrated circuits within the handset and with the clock distribution tracking, a total of 

20 typically 35 pF, would be an excessive load for the oscillator 1, which is typically 
specified for use with a load, of approximately 2 pF. A buffer amplifier 3 is, therefore, - \ 
positioned between the oscillator 1 and the integrated circuits 2 to provide higher drive 
capability. In a typical arrangement, the buffer amplifier 3 is arranged to provide a 
signal level of 0.8 volt peak-peak into the load at a frequency of 13 MHz. The peak 

25 current (I) in the load can be calculated from the formula 

. i=i-J\+47i 2 fa 2 R 2 

where V is the peak voltage, R is the total load resistance, and Ct is the total load 
capacitance, and is 1.16 mA for a load capacitance of 35 pF, a load resistance of 2000 
Ohm and a peak-to-peak load voltage of 0.8 volts. In addition, a load waveform with 
30 symmetrical positive and negative half cycles is typically required, which requires that 
the, buffer amplifier 3 must be operated in a linear mode. For linear operation, however, 
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a bias current of between two and three times the load current is required. In a typical 
mobile 'phone handset, the oscillator and clock distribution will always be powered 
when the handset is switched on. Consequently, current drawn by the oscillator 1 and 
the buffer amplifier 3 will reduce the standby time of such a handset. 

The aim of the invention is to provide a clock distribution circuit for a mobile 'phone 
handset which has a reduced current consumption, and hence an increased standby time. 

The present invention provides a clock distribution circuit for a battery-powered device, 
the clock distribution circuit comprising an oscillator, a load, and a buffer amplifier 
between the oscillator and the load, the load comprising a resistance and a capacitive 
reactance, wherein an inductor is positioned between the buffer amplifier and the load, 
' the inductor being rated so as to resonate with the capacitive reactance of the load. 

In a preferred embodiment, the inductor is in parallel with the load. In this case, the 
circuit may further comprise a resistor in parallel with the inductor 

Alternatively, the inductor is in series with the buffer amplifier. In this cai>e, the circuit 
may further comprise a resistor in series with the inductor. 

Preferably, the inductor has a rating L given by the formula 

r = ! " ' 

where /is in the frequency of the oscillator, and Ct is the total load capacitance 

In a preferred embodiment, the circuit further comprises a capacitor in parallel with the 
inductor, the arrangement being such that the capacitor and the inductor are parallel 
resonant at the second harmonic of the clock frequency, and such that the parallel 
combination of the inductor and the capacitor is series resonant with the load at the 
clock frequency. This results in a load waveform with a duty cycle close to 50%. 

Advantageously, the circuit further comprises a resistor in series with the parallel 
combination of the inductor and the capacitor. 
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Conveniently, the inductor has a value L given by the formula 



and the capacitor has a value C given by the formula 
5 C = f 

where / is the frequency of the oscillator, and Ct is the total load capacitance. 

Where the circuit further comprises a resistor, it may be so rated that the Q factor of the 
circuit is greater than one, and preferably is between two arid five. The resistor reduces 
10 the variation of the load voltage for variations in the clock load capacitance and 
inductor value variation. 

The invention will now be described in greater detail*, by way of example, with 
reference to the accompanying drawings, in which> 
15 Figure 1 is a prior art clock distribution circuit; and 

Figure 2 is a first form of clock distribution 4 circuit according to the 

invention. 

Figure 3 is a second form of clock distribution circuit according to the 

invention; 

20 Figure 4 is a third form of clock distribution circuit according to the 

invention; 

Figure 5 is a diagram of a practical clock distribution circuit equivalent to 
the circuit of Figure 2; and 

Figure 6 is a diagram of a practical clock distribution circuit equivalent to 
25 the circuit of Figure 4. 

Referring to the drawings, Figure 2 shows a clock distribution circuit having a 
^WV V temperature compensated crystal oscillator (TCXO) 11, and a plurality of different 
circuits within the handset, these circuits being indicated by the reference numeral 12 
30 and typically including RF frequency synthesisers and a baseband digital processor. 
The sum of the loads presented by these circuits can be considered as capacitances 12a 
in parallel with a resistance 12b, as indicated schematically in Figure 2. As with the 
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prior art circuit, a buffer amplifier 13 is positioned between the oscillator 1 1 arid the 
load circuit 12. The circuit of the invention does, however, include an inductor 14 in 
parallel with the buffer amplifier 13 at the output thereof. The value 4.3 juH of the 
inductor 14 is chosen to resonate with the capacitive reactance of the load (~- 350 
jOhm) at a clock frequency of 13 MHz. Energy is stored in the inductor 14 and in the 
capacitive part 12a of the load, and alternates at the clock frequency between the 
inductor and the capacitance. 

The stored energy accumulates over a number of cycles, such that the total stored 
energy is greater than the energy supplied from the buffer amplifier 13 during one cycle. 
The buffer amplifier 13 has to provide enough power every cycle to generate the 
required load voltage across the equivalent load resistance 12b* The energy supplied 
from the amplifier 13 can consequently be relatively small compared to the total energy 
within the clock circuit, allowing the power consumption of the clock buffer circuit to 
be reduced. It must also be noted that energy storage is most effective at the resonant 
frequency of the network. At the harmonic frequencies of the oscillator 11, energy 
storage is minimal, and energy at the harmonic frequencies is attenuated relative to that 
at the fundamental frequency. Asymmetry of the load voltage waveform can be 
attributed to the presence of even harmonics of the clock. The attenuation of harmonic 
energy within the circuit results in a load voltage waveform that is substantially 
sinusoidal. A further benefit arising from the reduction of clock harmonics is that the 
possibility of interference to other circuits within the handset, and to external devices, is 
reduced. Moreover, for the circuit to function advantageously, the output impedance of 
the buffer amplifier 13 must be high relative to the load impedance at the resonant 
frequency. 

In a perfect circuit, with the inductor 14 tuned to resonate exactly at the clock 
frequency, the drive amplifier would only need to supply sufficient current to develop 
the voltage across the resistive part of the load. In practice, variation in the equivalent 
load capacitance 12a and the inductance 14 due to component tolerance means that it is 
not possible to ensure the circuit remains resonant exactly at the clock frequency. 
Variations in the resonant frequency can give rise to excessive variations of load 
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voltage due to the changing level of energy storage away from resonance. Sensitivity 
to component variation can be reduced by lowering the quality factor (Q) of the circuit 
by including additional resistive elements within the circuit. To reduce the Q in the 
circuit of Figure 2, a resistor (not shown) may be added in parallel with the inductor 14 
5 A disadvantage of including resistive elements is that additional power must be 
supplied from the buffer amplifier 13. However, providing the Q of the circuit is 
greater than one, then energy is stored for more than one cycle, and a reduction in total 
power consumption over the circuit of Figure 1 can be realised. In practice, Q values of 
between two and five are most advantageous. 

10 

Figure 3 shows an alternative form of the circuit of Figure 2, so like reference numerals 
are used for like parts, and only the modifications will be described in detail. Thus, the 
main difference between the two circuits is that the inductor 14' of Figure 3 is in series 
with the buffer amplifier 13 rather than being in parallel. For the circuit to function 
15 advantageously, the output impedance of the buffer amplifier must be low relative to 
the load impedance at the resonant frequency. 

To allow for component variation, a series resistor (not shown) may be included in 
series with the inductor 14\ thereby to reduce the Q factor of the circuit. The resistor 
20 would allow greater changes in the circuit component values without the drive level to 
the load varying significantly. One disadvantage of including the series resistor, is that 
some of the energy from the drive circuit is dissipated. However, as long as the Q 
factor of the circuit is greater than one, an improvement in total current consumption is 
realised. In practice, Q values of between two and five are most advantageous. 

25 

It will be appreciated that the rating (L) of the inductor 14 (or 14') depends upon factors 
such as the operating frequency (/) of the oscillator 1 1, and the total load capacitance 
(Ct) which is the sum of all the load capacitances 12a. The value L is given by the 
formulae 



WO 02/086686 PCT/GB02/01324 

6 

For the typical application described above with reference to Figure 4, C t is 35 pF and 
the operating (clock) frequency is 13 MHz, giving rise to the quoted values of 4.3 juH 
for the inductor 14 (or 14'). 

A further aspect of the invention relates to providing a signal with a 50% duty cycle and 
a low harmonic content. Waveform asymmetry can be seen to be due to the presence 
of even harmonics of the clock. In particular, the presence of a second harmonic is 
usually the greatest source of waveform asymmetry. In order to attenuate the second 
harmonic current in the load, the circuit of Figure 3 may be modified, as shown in 
Figure 4, by placing a capacitor 15 (11.7 pF) in parallel with the inductor 14', so that 
the capacitor and the inductor are parallel resonant at the second harmonic of the clock 
frequency. Here again, as the circuit of Figure 4 is very similar to that of Figure 3, 
lik e refer ence numerals will be used for like parts, and only the modifications will be 
described in detail. The parallel combination of the inductor 14' and the capacitor 15 is 
such that they are series resonant with the load at the clock frequency as described 
above. The parallel resonance of the LC circuit impedes the flow of the second 
harmonic current from the buffer amplifier 13 to the load 12, and results in a load 
voltage waveform that is substantially sinusoidal, with symmetrical positive and 
negative half cycles. Moreover, the load waveform symmetry is typically improved 
over that at the output of the oscillator 11. A further benefit arising from the reduction 
of clock harmonics is the reduction of interference between other circuits within the 
handset and external devices. 

For the circuit of Figure 4, the inductor 14* and the capacitor 15 are rated (L and C 
25 respectively) according to the formulae:- 

^ \6nif*Ci .... 

C = T 

30 As with the earlier embodiments, to allow for component variation, a resistor (not 
shown) may be included in series with the parallel combination of the inductor. 14' and 
the capacitor 15, thereby to reduce the Q factor of the series resonance of the circuit. 
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The resistor would allow greater changes in the circuit component values without the 
drive level to the load varying significantly. One disadvantage of including the series 
resistor, is that some of the energy from the drive circuit is dissipated. However, as 
long as the Q factor of the circuit is greater than one, an improvement in total current 
5 consumption is realised. In practice, Q values of between two and five are most 
advantageous. 

Diagrams for two practical clock circuits for use in a GSM cellular handset are shown 
in Figures 5 and 6. The circuit of Figure 5 is a parallel resonant circuit, and is most 

10 suitable for use where the output waveform of the oscillator 1 1 contains a low level of 
even harmonics. The circuit uses a bipolar transistor Ql within the buffer amplifier, 
the base of the transistor being biased by resistors Rl (33 kOhm) and R2 (33 kOhm). 
Resistors R4 (680 Ohm) and R5 (470 Ohm) are used to set the emitter bias current, and 
are chosen to set the required level of clock signal at the output. A capacitor C4 (1 nF) 

15 decouples the resistor R4 to ground such that the gain of the amplifier at 13 MHz is set 
by the resistor R5, and the combined resistance of the collector load. The gain is such 
that the transistor emitter current is zero for a short period during the negative peak of 
the input waveform. This results in some compression, and a reduction in the output 
level variation with input level change. However, the degree of compression is 

20 insufficient to generate significant levels of unwanted harmonics at the output. 
Capacitors CI (100 pF) and C3 (1 nF) are used to isolate the amplifier bias voltages 
from the source and load, and a capacitor C2 (10 nF) decouples the amplifier power 
supply to ground such that the power supply appears as a virtual ground at the clock 
frequency. The inductor 14* (3.9 ^iH) is chosen to resonate with the equivalent load 

25 capacitance at the 13 MHz clock frequency. The Q-factor is limited to approximately 
three by the resistor Rl, the equivalent load resistor 12b (2000 ohm) and additional 
losses in the inductor 14* and the transistor Q 1 . The circuit provides an output voltage 
swing of 800mV peak-to-peak, and consumes 400|iA of current from a 2.8V power 
supply. 

30 

The circuit of Figure 6 is a series resonant circuit, and is suitable for use where the 
output of the oscillator 11 contains a high level of . second harmonic. Alternative 
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arrangements of the amplifier and tuned circuit are possible. However, these all 
require additional components^ and are consequently less advantageous for use in low 
cost consumer products. Design of the circuit is more complicated than that of Figure 
4, and is most easily accomplished with circuit simulator software." The circuit uses a 
5 bipolar transistor Q 1 within the buffer amplifier, and the base of the transistor is biased 
by resistors Rl (12 kOhm), R2 (150 kOhm) and R3 (3.3 kOhm), the capacitance 12a 
(35 pF) ? the inductor 14* (3.9nH), the capacitors 15 (8.2 pF) and C3 (10 nF), and the 
emitter of the transistor Ql. A resistor R4 (3.9 kOhm) is used to set the emitter bias 
current, and is chosen to set the required level of clock signal at the output. Capacitors 

10 CI (100 pF) and C3 (10 nF) are used to isolate the amplifier bias voltages from the 
source and load, and a capacitor C2 (10 nF) decouples the amplifier power supply to 
ground such that the power supply appears as a virtual ground at the clock frequency. 
The amplifier operates in a non-linear mode, with the transistor emitter current at zero 
for approximately 55% of the clock period. During the period that the transistor 

15 emitter current is zero, the resonant circuit current flows predominantly through the 
capacitance 12a, the capacitor 15, the inductor 14', the capacitor C3 and a capacitor C 5 
(100 pF). The change in current path causes the resonant frequency to shift slightly 
during the cycle. The component values are picked such that the average resonant 
frequency is at 13 MHz. The parallel resonance of the capacitor 15 and the inductor 

20 14' prevents second harmonic currents from flowing in the tuned circuit, and ensures 
the output voltage waveform is substantially sinusoidal. The Q-factor is determined 
from the time weighted average of loss for the two different resonant current paths. For 
the values shown, the Q is approximately four. The circuit provides an output voltage 
swing of 800mV peak-to-peak, and consumes 500|iA of current from a 2.8V power 

25 supply. 
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Claims 

1 . A clock distribution circuit for a battery-powered device, the clock distribution 
circuit comprising an oscillator, a load, and a buffer amplifier between the oscillator 

5 and the load, the load comprising a resistance and a capacitive reactance, wherein an 
* inductor is positioned between the buffer amplifier and the load, the inductor being 
rated so as to resonate with the capacitive reactance of the load. 

2. A circuit as claimed in claim 1, wherein the inductor is in parallel with the 
10 load. 

3. A circuit as claimed in claim 2, further comprising a resistor in parallel with 
• the inductor. - 

15 4. A circuit as claimed in claim 1, wherein the inductor is in series with the load. 

5. A circuit as claimed in claim 4, further comprising a resistor in series with the 
inductor. 

20 6. A circuit as claimed in claim any one of claims 2 to 5, wherein the inductor 
has a rating L given by the formula 

4n 2 fiCt 

where /is in the frequency of the oscillator, and Ct is the total load capacitance 

25 7. A circuit as claimed in claim 4, further comprising a capacitor in parallel with 
the inductor, the arrangement being such that the capacitor and the inductor are parallel 
resonant at the second harmonic of the clock frequency, and such that the parallel 
combination of the inductor and the capacitor is series resonant with the load at the 
clock frequency. 

30 

8. A circuit as claimed in claim 7, further comprising a resistor in series with the > 
parallel combination of the inductor and the capacitor. 
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9. A circuit as claimed in claim 7 or claim 8, wherein the inductor has a value L 
given by the formula 



where / is the frequency of the oscillator, and Ct is the total load capacitance. 

10. A circuit as claimed in claim 9, wherein the capacitor has a value C given by 
the formula 

10 C=f 
where Ct is the total load capacitance. 

11. A circuit as claimed in claim 3, claim 5 or claim 8, wherein the resistor is so 
rated that the Q factor of the circuit is greater than one. 

15 

12. A circuit as claimed in claim 11, wherein the resistor is such that the Q factor 
of the circuit is between two and five. 
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